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TABLE 2.--T7apor pressures at pyrheKoometric stations on days when solar 
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TABLE l.-So2ar radiation intensities during Janzra y, 1919. 
[Oram-ra!ories per mlnuto per square rentiieter nf nnrmnl surfare.] 
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TABLE 3.-Daily totals and departures of solar and SLY radialion during 
January, 1919. 

[Gram-calories per square contimeter of horizontal snr&ce.] 
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INFLUENCE OF TEE SOLAR ECLIPSE OF JUNE 8,1918, UPON- 
BADIATION AND OTHER METEOBOLOQICAL ELEXENTS. 

By HERBERT H. KIMBALL, Professor of Meteorology, and S. P. FER- 
(t c SRON , M eteorolJgist . 

[Dated: Wealher Bureau, Washington, Mar. 4,1919.1 

INTRODUCTION. 

The Weather Burcau program in connection with the 
solar e-lipse of June S, 1915, in!:luded nicaaurcments of 
both in<-oming and out.going heat radiation at a stat.ion 
established for thiit purpose a t  Goldendale, Wash., 
observations of shadow bands at  st.nt<ions in or near the 
path of t,ot.nl solar obscuration, and observa.tions of the 
usunl nieteorologird element,s a t  about 55 Weat.her 
Bureau stat.ions within t.hc zone of 90 per rent objyra- 
tion. While the preliminary arrangements were jointly 
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in the hands of the nuthois of this pa er, Prof. Kiinlmll 

t.ion measurciiients, and Mr. Fergussoii with thr shadow- 
band and meteorologicsl observations. A siinilnr suh- 
dirision of the work has been followed in thr pwparatkm 
of this pitper, esi e t. that   no st G f  the pressure. tempcra- 

Rnd tabulatd by Prof. Iiiniball or under his dire..tion. 

more partic-ularly coni-ernecl himsel P \vi t.h the rstlia- 

ture, and shadow- E ant1 observations hiwe been rcilu!wl 

K ADIATZON 1 t EA SUREBI E N TS . 
These measurements were made by Prof. Kimbdl at  

Golclenclale, Wash., lat. 45O 49' N., long. 120' 50' W., ele- 
vation above sea level 1,650 feet (603 mcters). This 
location WRS selei. ted for the following reaso~is: 

(a) The average rainfall for June (11-year record) is 
on1 0.45 inch. (f) Cuniulus clouds, so common farther east, arc of 
infrequent owurreni:e. 

(c)  The tot,al hnw of t,he el--]ipse oavurred with t.he 

nium heat for the day. (Center of totality, 3:59 p. m., 
120th ineridi~n time.) 

(cl) The duration of totdity (1 niin. 5s sec.) was 
greater than a t  points fart,her east,, and farther west, near 
the Pacific coast, there was greater probability of cloudi- 
ness. 

(e) Goldenclale has a conlfort.able hotel, and help and 
material for installing the apparat,us were available. 

The inst,allation of the npparatus r n ~  very simple. A 
6 by 6 in: li post was set flriidy in the ground, and shelves 
were attached to its south and west faces to su port two 

entire 
south side taken up by a liinged~tloor, was built over this 

A yrgeoriieter of the dngstrom t.ype, iiiade by E t* .  r W 6 8 Coblentz, of the Bureau of St.andards, and a 
pyranonieter made under the supervision of Dr. C. G. 
Abbot, director of the astrophysi.:d observatory of the 
Sniit.hsonian Institution, were esposed upon carefully 
leveled blodis on top of this hos. The pyrgeomc.t.er 

, was employed in me.zsuring the outgoing, or so-called 
no turnd, ritdiation, and the pyrnaoil?et.er in iiieasuring 
bot.li tlie invoming and t,he ou t.going ra.tlint.ion. On a 
shelf inside the bos were placed a. milnniiiiet.rr for nieas- 
uring the heating current used with the radiation instru- 
ments, and a rheostat for controlling t,he strength of this 
current, whi: h was obtained frolii a storago h t t s r y  of 
three cclb. The observer was able to sit in front of this 
bos, read t,he galvanometer deflc.:tiom, regulate the 
heat.ing current, and espose or shade the radiation 
apparatus as desired, the latter heing just above his 
head. When not in use the instruments wcw lorlied up 
inside the bos. 

An instrument shelter containing niasiniuni aiid mini- 
mum thermometers, a thermogrnph, ant1 a hygrograph 
was located near the radiation apparatus. These former, 
and observations with au Assnlann aiid II sling psy;.hro- 
niet.er, a.nd also eye observations of cloucla and wind, 
were intrusted to Mr. G. N. Salislmrp, of the Seattle 
(Wash.) Weather Bureau office. 

The iiist.allation of the apparatus was roiiiplet~ed nbout 
noon of June 4, and observations began a t  on. e. They 
were ontinued until ubout noon of June 10. 50 rain 
fell during thiv time, aiid thcre w r c  few h v e r  cIou&. 

sun high nbore t R e horizon, and near the time of mnsi- 

gdvanonieters. A bos, 4 feet cube, with t i e  P 

1 For I 1e;rri t i m  of this inetrunient and the method 1Jy xhirh i t  \vas st:iurlnrJizerl 
vrpomrter ho. 2 was used :it c;oltirnd;rlc: 

fi For a rleszrlytion of thisf&tr&nt, sce Shlthsonlau Misc. Col., 60, Xm. i aud 11. 
see t.lie REV.EW tnr re mr'mrv IYI.  4b:.ii. 

Unfortunately, t.he dis t,ribut.ion of atmospheric pressure 
\vas such to favor the formation of upper clouds on 
p r a r . t i d y  every d:y~. On the day of t.he eclipse the sky 
was from sis to eight tenths obsvured, pi-inripn.lly with 
Ci.St. and A&. rloucl:;, until about 11 a. m., 130th 
niericlinn whcn i t  be-anie nearly clear. By 18 30 
p. in. it had he:.ome nrarly overcast with A.Cu. and A.St. 
cloucls, whi!,h continued into t.he night., ewe It for a fortu- 

which tllloi~ecl an e s d e n t  view of that phenomenon. 
Prof. Canipbcll (17P has already referred to this spec- 

t,acular clearing of the sky a t  ~oldenclalc just a t  the 
monien t when nearly everyone had abandoned hope of 
viewing the e:.lipse. Another spec tadar  feature is 
worthy of record. To the northwest of Goldendale the 
snow-white peak of Mount Adams, 40 miles distant, was 
distinctly visible, as was also Mount Hood, 50 miles to tlie 
southwest. Mount Adams was dirertly in the path of 
totnli ty. nncl disappeared from view when t.he shadow of 
tahe moon pnssecl over it. Many obserrers wat ,lied this 
shnilow cross the valley between Mount Adania and 
Goldendale. When it reached Goldendale, Mount Hood, 
wyhi: h was just to the south of the psth of t-otality, sud- 
denly sprang int.0 prominence as though pomerfull 

of diffuse light from the at,mosphere between Goldendale 
and Mount Hood. 

In  figure 1 the solid line A is a diurnal curve of the 
total radiation receil ed on a horizontal surface directly 
from the sun and diffusely from the sky on clear da s. 

crosses, that were made a t  Goldendale between midday, 
June 4 and S p. ni. June S ,  1918. The solid line B repre- 
sents the diffuse radiation receil-ed on a horizontal sur- 
face from a clear sky, and is lJso based upon pyranometer 
readings? indicated by circles, obtained a t  Goldendale 
during the above-mentioned period. 

The broken line C represents the totd radiation meas- 
ured by the pyranometer on the afternoon of June 8.5 
Aieasurenients obtained a t  IO:# a. m. and ll:5S a. m., 
with the sun unobscured, fell on curve A. The broken 
line D represents the diffuse solar radiation measure- 
nients made with the yranometer on June S. They are 

B, on account of the reAection and diffusion of solar rays 
by the clouds that were resent. At 12:40 p. m., and 
ayain a t  2:05 p. m., it wid be noticed that, curves C and 
D coincide, as the sun was t o t d y  obscured by clouds. 
They also coincide when the ecliwe u-as totd.  

Curves A and B do not differ greatly from similar 
cull-es made a t  Mount Weather, Va.," with a Cdlendar 
recording pyrheliometer, on May S? 1913, and June 30, 
1014, if we take into account the difference in the zenith 
distance of the sun a t  noon a t  the two stations on the 
res iectiye dates. 

+he solid curve E is a diurnal temperature curve anc~ 
is based on therniograph records ob tained a t  Goldendale 
between iiiiclday June 4 aiid midday June 10, 191S, cor- 
rer ted by c.oniparison with the reach,, es  of the niasiniuni 
and minimum thermometers, and t,he dry-bulb ther- 
mometers of the psychrometers. 

8 From June 5 to June 9, inclusive, lmtb meridian time was two minutes faster then 
apparcnt time at i;oldendale. 

4 I i s r c s  In psrrenthesas ( ) rofer to rcferznces in the Idbliognphy at the end of this 

nntc breidi just before the total phase o ! the eclipse, 

illuminabed. This was, of course, due to the cutting o 8 

It is based on pyranonieter measurements, indicated g y 

considerably higher t r ian those of the clear-sky curve, 

___ 

paper. 
6 hnr a romrrl o!,tsincd rindrr similer raiditinns by mraus 01 3 Csllendar rerording 

p;irheliom?ter s w  Callaiticr H L. H.y>orlr on the tntai m a r  rclipse of 19U5, Ang. 
31 p i .  2. (Pror. RW. RW. LnnT& 10 16. Srr. A. v. 77, p. IS. tic. I .?  

See Bgs. 5 and 7, ~ O ~ T R L Y  WEATHER REVIEW, August, 1914, 43:471,481. 
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The broken line F represents the thermopy>h curve 
obtained on June F, siniilildy co~ te i t ed .~  It is to  he 
noted that between 12:lS p. in. and 1 p. ni., \vit!i a Tall 
in insolation intensity from 1 . ~  to 0.31 cal. per minute 
per sq. cm., the temperature dropped about 1 . l 0  0. a t  a 
time of clay when it should have boen riuiiq s!i,,riitl,v. 
It had-reached norind a p i n  by tho titile of lirst con- 
tact, and 10 to 15 ininutea alter totality had ftdh :;.;,'' 
C., a t  a time of. day when the tempcr:iture slioulcl have 
been nearly s tstionitry. I t  lint1 nenr!y rea-lied norind 
again half an hour atter fourth oontaf:t. Rehveen fir:it 
contact and 10 iiiinutes after the ending of totalit, 
about 35 per cent of the norind rudiatiori was receiveJ 

avparently on the leeward side of Siincoe Mountain. 
Eleven measureinen ts were obtained on June S in less 
than fire minutes, i-arying in vdue from 0.160 to 0.1C4 
cnlory. Hoadinzs made 30 seconds before and after 
thew were niar:;edlg lower, due to tlie heating ef€ect of 
tho solar rays. d measurement of this Iatter a t  3:03 
1'. in. gave nu intensity of 0.035 cdory. Froni the in- 
ten:iity oE the light clurinz totdity, which was about 
q t i d  to that. a t  the end 0:' civil twilight, we may esti- 
nint,e the diil'use rackition to have been less than 0.0001 

It will he noted tliiit on June S values of R are lower 
than the June 9 values and higher than all the June 4-5 

cl-Ll0ry.s 

PIG. 1.-Radiation a116 twupw~lure records 3t f:old~mdilt?, W ~ I . ,  tlwixc the total s01:ir rclipsr of June S. 1918. ('urvn A-Total mdlllation froill unobstu-ed s!m and cloudless 
dip. Curve B-RwliiLim from clo~idlpss s'q'. Iliirve C--Total r.i-li:i!im iuev~i ir~d during the sdar Pr:ilisc. I urvr !~-Rndl:rlon I:'om the partlv nvrrc: SI sky on June R. 
Curve E--.:vorage diurnal temperature cucva for the poriod numi. Juue I, to iitmil. Junc. 10, 191s. Curve F-Tc.mpm:ure on June 8. I, Grst contact; T, totalily; IV, Iourth 
contnct. 

Between 2:no 1). m. and 3 1). m the fnll in tcniperature 
was a t  the rate of 4.0" C!. per hour. This esceeds the 
werase rate of cooling nt Goldendale from June 4 to 
June 9, inclusive, 1818, cluriny the hour .foUoivinS sun- 
set,. but does not equal thc rate of 4.4' C. obtsined a t  
this hour oil the evening of June 4. 

Specid interest attnclies to t,hc inensiireInents of the 
outcoing, or the so-ct~.Ued nocturiid rudintion, du:.ilig 
totdity. The nieaii of the meztsurenients is p!ott,ed as 
a star on figure 1; and it  is to be noted that it- falls just, 
nl)nT-e tho curve of diffuse rntlintion from a c*lear sky. 

The measurements are also s l i o ~ n  in Talde 1 in the 
i:olunin hen.dd R, in coiine:: tion with t!ie measure- 
ments olrtnined on the nig:lit of June 4-5, and on t.he 
evening of June 9. The 1at.tcr W;I.S cloudiless and t,he 
foriiier nearly so, except for :L st.ntbnarg St. Cu. cloucl. 
- 

7 This diffurs somewhat from a temperature curva published by Campbell (171. p. 2%. 

vnlues escep t the two fi.rs t, which were ob tnined soon 
d t c r  sunsct. They are liiglier tlinn measurements 
obtained hp Alclrich (19) in h:tnsi?s later in the after- 
noon of this same dilg7, an-d are closely in accord with 
rne~~iireinents obtained by A4n,gs.troni (18) duiing thesolar 
e:lii,so of Aul;.ust 30, 1914, escept that his were made 
with a much lower tempernture aF the surrounding air. 
If we compute R., the radiation from the atniosphere, 
froin the equation R,, = UT,' - R, where u is the radiation 
conqtant ( S . l S X  lo-'' cd. per niin. per sq. cni.), and Ti 
is the d)solutt! temperature of t,lie i&trunient., it is seen 
t,lint. I?. was sli!;litly greater on June 8 than on the night 
of .Tunc 4-5 or the evenin: OF the 9th. Likewise, the 
compntml i-dues of t,, the effective t,einperatme of the 
ridintinq ntmosphere, is higher during the eclipse than 
on the other occasions. 

8 Seo also the meosurenients by Aldrieh (IS), pogap 8-9, Tnble 1A. 
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2 s7 i s p  ..... 
2 57 3 4 p . . - . .  
2 55 nnp..... 
2 SR 28p ..... 
2 ss 5np ..... 
2 59 ?Op.-.-. 
2 59 51 p ._... 
3 00 15p  ..... 
3 00 4 0 p  ..... 
3 01 ZOp..... 

7 51 M p  ..... 
8 15 Oop..... 

8 c1 oop.... .  
8 09 onp..... 

8 21 cop... . .  
8 33 cop.. . . .  
s 38 mp... . .  
8 42 oop..... s 46 cop..... 
8 54 Mlp ..... 
9 gn OOp..... 
9 10 nnp..... 
9 18 M p  ..... 
9 24 KIP.. . . .  
9 32 M p  ..... 
9 38 nip ..... 
9 48 oop..... 

TABLE 1.-Nocturnal radiation mens~trments at Goldendale, Tpusir, 
June, 1918. 
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Tlme. 

:12Oth merid.). --I__ 

.. .. 
i. 0 
l i n  
5 s  
5 5  
5.5 

6.0 
6 0  

t in 
6 0  

7 ?.i 
7 ?5 
7 2s 
7 2s 
7.25 
7.2.5 
7.25 
7 ?5 
7.25 
7.25 
7.25 

7 .4  
7.4 
7 .1  
7.4 
7.4 
7 .4  
7.4 
7 . 4  
7.4 
7 .4  
7.4 
7.4 
7 .4  
7 .4  
7 .4  
7 .4  
7 .4  

n o  

r i n  
e n  
f i n  

- 

,111 
.IO4 

. llil 

.1m1 

. Ifill 
,164 
.lrn 
. 11'3 . IF,? . lfi3 
. 1 8  
.1G3 
.16? 

.I70 

.171 

. 1 w  

.11;9 
,160 . 11% . lli9 
.IN 
.17" 
,174 
.11;9 
,175 . II4 . l i 3  
.172 
.I71 
.171 
c 

- 

R:a 

. . 
C"7. 
,175 
. 1G 
. i.;n 
. I44 
.1!1 
,153 . 1 I3 
,130 
,139 
,131: 
.I?.? 
, 12!l 
.IS; 
. 1?.1 
,139 
,147 
.141 
. I?* 
.17J 
,191 
. I?? 

. 1 !9 

.14s 

.14s 
151 
.IS0 . 1FiI 
,149 
,1511 
,151 
.I51 
.150 

.159 

.1c1 
,154 
.15!1 
.IS1 
.167 
.11u 
. 155 
.11;3 
. lGl j  
.I61 
,167 
.I56 
,186 
,185 
.165 
.1(X 
- 

__ 
0.209 . ?77 

.210 . " 5  

.234 
, " 4  
.2w 
. S I  
. 3 1  
4.15 

. "23 
,214 
.?11 
, 21 it; 
.mI 
.?It 
."I 
.21? 
.??.I 
,216 
,292 

.m . ?45 

. ?4.i 
,251 . ? m 
,240 
. ? I S  
. ??O 
,251 
.251 
,250 

. 2113 . ?ti7 . ?.io 
,244 

.214 

.2wi . "3': 

. Z l J  
,275 
.'LF.7 
.27i 
.2.;9 
.2 iS  
.?71 
,274 
.274 

.I ., 

. ?.in 

- 

R. I k.3 
i __ 

..13'1 

. i in 
,415 
,417 
.417 
,4111 
.3N 
.3!lG 
. 4nn 
,399 . *-I3 
. mn 
. 4 0  
.494 
,494 
..I91 
,491 
,491 
,492 
.491 
.4W 
.4SG 
,457 

.47s 
,4711 
. l i s  
,472 
,481 
. 4 X I  
.W7 
.479 
.4c4  
. 4 3  
.4m 
.457 
,455 
.458 
,456 
.453 
.453 
- 

..11;s 
,474 
.4 i t ;  
.4 i0  
.4fi.l 
,451; 
,4fi? 
,475 
.4liS 
,478 
,441 

. 4.-m.5 

..I:.; 
,4<. i  
, 492  
,453 
..I53 
, 4 5 4  
. -153 
, 432 
.45? 
. 4 3  

, 444  
,442 
,447 
,444 
.45? 
.44A 
,443 
.44h 
,4411 
,437 
.14? 
.43; 
.447 
,437 
.43q 
.43s 
.433 
- 

- 

k 

- 
a I: 

-n.7 

-1 R 
-?.3 

-3.11 
-3 .d 
- 5  7 
-3 3 

-4.2 
-3. i 
-5 9 
-0.1 
-5 8 
-5 s 
- - $ 4  
-9.6 
-9 2 
-7 7 
--$ i 
-i. 9 
-8. B 

+s 6 
+5 c 
+5 s 
+5 2 
+.i 3 
+.i 8 
+.i .i 
+5.3 
+4.G 
+4.6 
+1.S 

+3.0 
+2.3 
+3 .0  
+2 6 
+3 9 
+?. 3 
+ 1 9  
+?. 6 
+ I  4 

+1.3 

+0. 5 
+o 2 

-0.2 

-4 n 

+n. 5 

+n. 3 
+n 5 

-n. 2 

- 
In order t.o obtain a bett.er coin arison bet,ween the 

reduce them to a constant t,ernperature, t = 20°, = 393"c, 
by niult~ip1yii1.g by the rtttio 293'/ T,'. The result.ing 
values, R,, and Razor arc in closer agrecnient than are 
R and R., the values obtained during the eclipse fnllin 
intermediabe in value between those of June 4-5 an 
June 9. 

But on the night of June 4-5 the diurnal fall in t.cm- 
perat,ure was yery great, 22°C.' and tliere must have 
been a strong nit-crsion of tcmpcrature t,hat greatly re- 
duced the ralue of R and increased Ra. Probably similar 
relations between R and H, esist,ecl a t  the time of the 
eclipse, and must be nt,tributed, not to temperature 
inversion, but t.o the influencc of A.C'u. and ASt. clouds, 
w7it.h which tho sky wtis from 7 t.o 8 tent.lis covered, 
although clear about the sun, mid nearly so owrhead. 
The mean height of this cloud layer is est.imatc.d to have 
been approsimntely 5,500 metei3, and it,s temperature 
about - 10°C. 

In  column 3 of t,he table the letter (1, inc1icnt.cs that t.hc 
measurements were made 1vit.h the Angst.rijm pyrgeom- 
eter, and the letter b that they werc made 1vit.h t,he Smith- 
sonian pyranomet,er. On June 4-5 there is no apprc- 
ciable difference between t.hc readings of t,he two instru- 
ments. On the 9th higstrijm pyrgeometer readings 
awriLged about 2 per cent higher t>hiui t.he pyrativmcter 
readmgs. After 8 5 4  p. m. the values of K,, obtained 
from pyrgeometer readmgs are in almost csnct agreement 

. values of R and R, measured at  di 2 erent t,imes, we may 

5 

witoh the at-erage of previous measurement~s made by the 
Weat,lier Bureau with a corresponding r-n.lite of e. 

The rdues  of P in Table 1 were obtained from the 
readings of the thermograph and t,he hvgrograph. 

The presence of clouds cluring t,ot,ality detracts from 
the vsluc: of comparirnns between radint,ion measure- 
ments oht-n.inc.d at  that time and on clear n1ght.s. .. How- 
wcr, t,liere is no evidencs that the esc1i:mge of radiat.ion 
he tween t,he iust.i.unien t and t,he at,mospherc during 
t,otnlit.y diffcred in any respec.t from the eschange that 
OCCIIIS at  night, under like conditions of tem erature, 
csccpt thtit. it was more than ordintwily stea t; y. The 
elcctricnl heating ciirrent was const,antly increased unt>il 
the inst,iiiit of second contmt,, and after t.liird cont.act it 
was const,iuitly decrea~cd, slowly at first,, and then more 
rapidly. During tot.ality there was only t.he slightest 
mot-cment of the gn.l\-nnometer needle. This was no 
doubt partly due t.0 tho almost tot.al absence of surface 
winds, hit t.hc genernll~7 quiescent st,at.e of the' nt.mos- 
pliere, indicating lack of abnormal t,emperature gradients, 
must haw been a factor. 

Throughout the pat.li of totality t:lie marked decrease 
in iiisolnt.ion, such as is shown by curve C in figure I ,s 
must he considered the disturbing cause that roducecl 

sect ions. 
t.hc nietcorological changes discussed in the ! ollowing 

Mtiy! 1900 (mostdy those o P 1S7S1 1SS3, 1857, and 1893) 

METEOROLOGICAL PHENOMENA. 

Studics of tlie mcteorolo y of eclipes prior t.o t.liat of 

consat cliiofly of ,rcsentat,ions of the actual changes of 
the meteorologic$ elements during tho passage of the 
shadow, wit$liout comnicnt in detail and without attempt 
a t  analysis. In some instmices, obsen-ations were 
arnilable a t  but one station. As will be shown later, tlie 
effect of the moon's shadow usually is t.oo small to be 
measured by ordinary inst.i.uments, and for this reason, 
some aut,liorit.ies, inclucling Symons, hare doubted the 
realit of certain minute changes of pressiire and wind 

r e r y  evident n.nd somet,imes amounts to ti" C., t e amount 
in any instimce depending upon lat,itude, elevat.ion above 
t.he cartli's surface, whether on sea or liilidl and u Ion the 
t.ime of day. A decrease of t,lio t-elocity, ana slight 
fluct,uat.ions of the direct.ion, of the u-ind have been 
obsen-et1 during some eclipses, but pet-ious t,o that of 
1900 no one appears t.o h a w  considered these phenomena 
to be rery important!. 

The eclipse of t.he 3St,li of May, 1900, occurred under 
cirrumst,imces wry favorable for meteorological obser- 
vat.ions, and, fort,unat.dy, in and near the path of totality 
t41iere were n few instrument.s capnblc of metxsuring small 
changes of pressure and wind. The change of temper- 
ature was unusually large and there were unmistakable 
evidcmces of a minute fluctuat.ion of t.lie atmospheric 
prcssure and of the direction of t.lie wind. In his anal- 
ysis, Cllayt.oii )repared synoptic clinrt,s of the phenomena 
recorded on a 1  \ sides of the mea of totality, finding mi- 
dcnce of a fcehlc circulat,ion of bhe wind, which, consid- 
ered in it,s reJat.ion to thc pressure mcl t a n  wrature indi- 
ciited t,he forniat,ion of a cyclone wit11 a :oh cent.er, such 
as is described by Ferrei. Near1 simdar results were 
obtn.iaec1 by Clayt.on in a study o f t.he eclipses of 1901 
and 1905 ; and in the iiistmre of the eclipse of 1901 (which 
occurred part y north and p r t i y  south of the Equator) 
Van Boninielen made the mterest.ing cliscovory that the 

!i that f iave been report.ed. The change of tem erature is 

0 Scc this REVIEW for hne ,  191S, ld:2dG, lorradiation mrasimmenls inatla at Lincoln 
Sebr., durlng the eclipse. 
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circulat,ion of the eclipse-wind is different in the two 
hemispheres. 

The importance of int,ensiTre studies of eclipse meteor- 
ology is indicated by thc following cluot,ation from Clay- 
ton's summary: 

The eclipse may be compared t.0 an experiment by nature, in M-hich 
all the causes that complicate the origin of the ordinary cyclone are 
eliminated except that of D direct, end rapid change of temperature. 

In  some respects the cclipse of Julio S ,  1O1S, occiirrcil 
under circmnstnnces unnsunlly f a-rornble for mc t,eoro- 
logical study. The pn.th of totality estenclcil across t,!ir 
country from Oregon to Florida, an e:-tsily acccwd:)le rc- 
gion in which are ninny first-order metecmhgical st,n- 
tions, ohserva.tories, and uiiofficinl ohserrers; also, a t  t,lle 
time of the eclipse temporary stations were occupied h y  
several expeditions or olmerriiig prwties froin the more 
im ortant observatories ata a. distance. 

%or many reasoiis, chieflr the ahnornial cniiilit,ions tlne 
to the war nncl the limited time t1ia.t could he given to 
preparation, i t  was inipossi?de to ohtiiiii, in h i e  for iw. 
the special self-recording nic.teorologica.1 apparatus most 
desirable in studies of this kind; nlso, i t  \\-as w r y  iiecvs- 
s w  to adopt a pr0grn.m t.ll:ita could lw niaiiaged wit.licjut. 
i i J c d t y  by oficia.1s a1rea.cl-y burdenct11Jy rcgulnr xl-ork. 
It should be said liere that ail ohserveis called upon rc- 
spoiided promptly, nnd tlicir inter& aiicl cntliuuiasm 
resulted in the collection of a lttrger minunt of acciirnt,e 
meteorological infomation t.lian is n.\-niltil>le for :my lire- 
ccding eclipse. 

During the ecli )sc of June s thtw were oht,aincd 
records of atinasp B eric prwsure (from readings of nicr- 
curial barometers) a t  41 stations; direct,ion of the wi1ic-i 
(from observations of n wind T T L I ~ ~  rt.flcct,ccl in a ncpbo- 
sco e) and of the amount, kind, direction. relnt,i\-e T-elocity 
ctncl'position of clourls, a t  17 stmatiom; lmicles, t.lie i1si:a.l 
records of tenipern ture, wind rdocitp, humidity, and 
sunshine, from autoniatic inst.ruments, n t  nll st,at,ions. 
On the day of the eclipse specid ohsermt.: Ions were niacle 
eve1 10 minutes hetween hiat, ant1 last cont,act nncl every 
half Tl our for several hoiirs before and after t,ot.alit.y: also, 
' t o  allow for local diurnal vnriations, oh~ervat~ions of the 
direction of the wind were macle ewry half hour from 
noon to S p. ni. on every clay from the 3d to the 15th of 
June. 

The general circumstnnces of the eclipse and t,he mcteo- 
rolo icd conditions a.t. 7 a. ni., June 8, are sJiown in Chart 
XLfII-10. The path of totality is inclicat.ec1 by the row 
of red circles marking the position of tlic shadow at 
IO-minute intervals beginning wit.11 2 :50 p. ni.. when it 
appeared off.the Pacific coast near Washingt,on. To fncil- 
itate comparisons, the time of totdibg is Cxprws(d both 
in 120th meridian and local standa.rcl time when t.liese arc. 
different; also, the time of sunset is given. These clntn 
are indicated by figures nenr the red birclcs. The 1iniit;s 
of the belt of SO-per cent totality are iiirlicntd approsi- 
mat.ely by the two red lines north nnd south of and nearly 
eyuiclistaiit from the row of red circles. 

Tern.parut~uw.-The most, marked met,eorologicnl change 
was the fn.11 of air temperature, which WRS reconled at. d l  
Weather Burenu sta  tioiis by the thermogrnph. In ncldi- 
tion, two esccdlent series of tenipernture rendings, made 
a t  10-minute interrds with a sling psyc1ironict.c.r. were 
obtained a t  the Weat,hcr Burcnu st.a.tions n t  Boise, Idaho, 

. where the sun was 99 per cent eclipsed, and rtt  Poc*u.tello, 
Idaho, which was near t.he cent,er nf the path of t.ntality. 
A third series made a t  5-minute i n t e r d s  from t.hemmom- 
eters exposed in an instrument, shelter at  Corona. Colo.. 

n.n eclipse statmion of the department of terrestrid mag- 
netism, Cnrnegie l'nst.it,ution of Washington, has been 
kindly comniuiiic~ntetl I - y  the. dircc.tor, Dr. L. A. Hnuer. 
Corona wns i~lso nea.r the center of the path of totality. 
Its roordiria t.es are as follows: Lntitutle. 30° 57' N.; longi- 
tudc, 105" 53' \V.: altitude idiom sea level, l1,SOO feet. 
(:3,5!1'7 niatcrs). The mnsimum fall of t.enipernture rF- 
corded cliirilig t.liis eclipse is 5O C!., measured a t  Corona in 
the int.errd L':< minut.es bixfore totn.1it.y to 7 minutes after 
t.ni:ility. Tliiii cumulus clnuds were present, and OCCA- 
sionnlly ohscuretl the sun, but. I>ecn.n:e. thinner during the 
progress ol' t,he eclipse. 

The nbcwe scrics of t,rmpernture renclings are plotted 
o i i  figure 2 in curves C!, I), and E, respectively. In n.dcli- 
tion ciirw -1 is the diurnnl tenqxrnt.urn curve for Boise 
for the swnnier months! as given in the MONTHLY 

'PP 
35 

JLI 

31 

.?J 

I 

9 

7 

' B O  90 Sal 70 50 50 40 JO .ID I O  0 IO 30 40 5d br) ?J 80 YO X2110 
zme 1" mrnvhs h u m  T.-rd,fg 

WEATIIEB REBIE.:W SUPPLEMENT KO. 6, 1)tlge 17, figure 5: 
escept t.hat it lins heen raised to correspond to the tern- 

.r:it.ure a.t Boise on the t h y  of t,lie eclipse. This curve EL  wen niodifietl sliglit,ly to girc cuyvc B, the tliurnal 
t.en1psratm.e curvc for I'OCR t,ello, Idaho. 

From ciirws C ant1 D, respectirely, i t  is seen t,liat at  
Boise, during the h l f  hour int'erral 1,et.wcen 25 minutes 
heforc ninsinium solar ohscura t.ion t.o 5 niinut.es after, tlic 
f d l  in tmipern.turt. was ?.-lo e., nncl a t  l'ocirt.ello, from 15 
niiiiiit.es before totjnl obscuration to 15 minutes after, the 
fall wiis 1.O" C!. Esprcssed in rate oE f d l  per 1i.our these 
give for Boise 4.So C!., ant1 for Pocatello 3.Yo C., as corn- 
]):wed with 4AJ0 (!. a t  Goldendnle, anel 10.Oo C'. nt, Corona. 

The :how rntcs include not cm1-y the fall in tempern- 
tme due to the eclipse sliadow, but also t,hnt. due t,o the 
cliur~id change in temperature and to nccitlcn t , d  causes. 
The cff ect, of these two lather caiises WRS iintloubt.etlly 
sninll n t  all the above stations escept Corona, for which 
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the diurnal teniperizture ciirve lins not been determined, 
and where it. is obvious that a ninriicd rise in temparat~~re 
occurred aftei. tho pissage of t t  snow squnl l  n,Iioiit S 5  
minutes hefore the ei-liljsc ticcame totd.  

I n  Tdde 2 is given the rnte of cliangc ol tcnipi.rn.turc at. 
Go!ilc?ndale, Boise, ani1 Poci? tcllo for l!)-ii~inuk int,crv.zils. 
On the :kveruge t,iic most, rii.pi(1 rut.e ol fall in temporaturc 
was obserwtl in t h  iutcrs-nl 5 niinutaes lidore t.o 5 ii~iriiit~rv 
after totalil;g, a d  the most. rapid rate of rise in the int.er- 
val froiii 35 to -15 niiiiutts t-ifter t,otnlity. 

In Table ;3 is givcn the t'nll in tenipcriiture, n.t  sc..i*-rrnl 
Weather J3menu stations in or n c y  the p t h  of td,:i.lit,y, 
t.hat is a,ttribntilblo to tile cdipse s n d o w .  In the case 
Goldendale, Boise, and Poc:ttelio bhis fall rcprcsants tlic 
niasiniani tlificronce between plotted observed tenipcr:r- 
tiires and the ciiiirna.1 tempcrature curve. At other st%- 
tions it hns been obtained by intcrpolntiny the protxlldo 
tenipc.rature curve on June 8, IOiS, in t,he ebsence of :m 
ecli se, across the de1)ressio:i in thc ~ ~ 1 ~ ~ 1 J i O ~ ~ q ) h  t,rnrt! :is 
male, ant1 taking tlie niasiniuni iligereiise 1)eiwccn t lie 
two curves. There was co:isiderd)le c:loiicliiirss n t! nl! 
these stations. The rccords a t  Chcyennr:, Ryo., nntl 
Little Rock, Ark., have not been c.oiisitlcrec1, ns thunder- 
storm conditions previiilerl at t.livse st,:tt.ims dwing t.lw 
eclipse. The clata in f i ~ ~ u r e  2 ant1 Tiihle ;2 arc co~iip:1ri\l~i~ 
witti the summary of Fall of tenipcra!.urc in t.hc belt of 
totality of solar eclipses prepared I>g C!l:iyt,on ( 9 ~ ,  1.). 194 

TABLE 2.-Change of tempmatui.rc. by 1 O - h b u t c  periods, durhby the 
€rlipse. 

- __ .. __ ._ .- . . - . . - . 

Timebefore or after totality,miui~tcs.~~ol~~nilnle.( Boise. I Poeillcllo. I >Iran. 
.! 
I 
I -4s t o  -33. ......................... 

- E t 0  - 5 .......................... - 5tO+ 5 ........................... + ? t o  +15 .......................... 
+ l a t o  +25 .......................... 
+% to  +3.5. ........................ .i 
+35 to +41.. ......................... 
+45 to +51. 

-% to -21.. ........................ 1 
-25 to -15 . . . . . . . . . . . . . . . . . . . . . . . . . . .  

......................... i 

__ - c. 
-0.7 

-0.4 

+o. 3 
+O. 1; 
+O. 3 
+O. 2 

-n. 4 
-n. e 
-n. 4 
-n. 2 

I .. _ _  . 

-9. li 

TABLE 3.-Fall of tonpratiire due to the cdipse of June 8, 191S. 

Station. ! Solar obscur-\ Temperature! Clnwlinrss 
: ntioii. j [all. I 0 tu 10. 

I 
I--' I 

a(: ! 
Seattlr Wash. ............................. I 9s I 2.2 i 10 

Golden.!alr. \\ash .......................... I 'rotat. 1 :i 2 I s ........................... Port.ladd. (Jreq.. 99 2.2 : 9 

3.8 I s 

O d i o n r i i ' i t y ,  iJkio.. _ _ . _ _ I  (99 I 1.7 I I) 

............................. _., Total. 5.1 : Tlun cirms. 

li 
2 

............................ 
Salt Lake lMy, lrtah ........................ 97 ! 3.9 I 
lllrnvcr Coln ............................... i Total. ~ 2.h , I 
IIO~I .e h t v  tians .......................... m 3 t .  1.7 I ti 

............... 
........ ...... - ..... .... ........... . . . . . .  _ _ . 

It is to he noted that falls of lretwccn 3' and 4' C. 
were recorded at, niost ststions in the Plateau region, 
that the fall was less tmv-;ird the Pacific const,, prohnhly 
becmise of a thicker cloud cover. and that it was still 
less in the Plains Stntss, partly on ticcount of cloutlint?w 
and piirtly becnuse the sun \vas neww 1 lie horizon. 

d t j l i  oaph ci'ic ~ircssiirc e71a rrycs.-Rendings of tl ie 11i~r- 
curial hnromcter m d e  a t  41 Wcntlier h r e n u  stntions 
in the mth of SS per cent or ~iiore of ohsciuxtion hnvc 
been 1) 3 ottcil pressure figiiinst time. The retitlings xere 
macle a t  IO-minute intervals during tl;e lid€-hour p~- 
ceding and the half hour following niiiainiuxn o l ~ u r a -  
tion, and a t  hdf-hour interva!s dunng the rent ainder of 
the period noon to S p. m., 76th meridian time. A 

straight line W R S  then drm-n through the plotted pres- 
sure a t  the tinirs of the beginiiing nnd the end of the 
ec!ipse nncl the de mrturcs Of the ol>serverl pressures 
froin this strpiglit Sinc, wliicli mill be: designnt,ed the 
c c . p p t ' t ? / d  e d i  )sc Jrpa<tf,i!.rc 8 ,  rei-id off. To determine the 
true cr7i.pst: dpwturc  s t.lw iiie:iii !iourly pressure values 1'1 

for June for the sta.tions hr t lnnd,  Oreg.; Salt Lake 
Citsy, Utdi; Snntn Fe, N. Birs.: Dodge City, Kans.; 
and St. Louis, Mo.; mere siiiiiinrly plotted, a straight 
line drawn through t,he prcssure a t  t.he times of the 
beginning and the end of the cclipsc, the departures of 
diurnal pressure during the t h e  corercd by tho above 
observations from this strnight liiic determined, and 
subtrnctccl from tlie apparent eclipse departures for the 
stations nearest them. 

For purposes of discussion t,he stations have been 
arranged in three groups "-7 stat.ions with niasimum 
obscuration 91) per cent or more, 13 stations south of 
the path of totality with iiinsiniuni ohscuration from 
S9 to 97 per cent, and 1s stations north of the path of 
totality with ninsiniurn obscuration from S S  to 9s per 
cent. 
T ~ B L E  ~.-~uiimiarl i  of eclipse presslire changes m.eas?ir&d on Jime 8, 191s. 

-. . . . . . . . . . . . . . . . . . . . .  .... ___ 
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~ i o T E . - h  t!ic first roliimn tlir - (minus sign)= time bcforetotality; +(plus slgu)- 

time after totality. 

In  Tahle 4 are giren the iiieans of tlie true eclipse de- 
partures for tlte tiiree groups of stations. aiid also for all 
the stations, tlie latter esprcwed in hot,li inches and niilli- 
bars. The departiires in inrahes are Jso  shown graphically 
in figure 3, mliere the curvo for all the stations combined, 
curve 31, h a s  its s i d e  of nhscisws lowxed by 0.004 inch 
8s conil>nrcd x-it11 the ttlxwissas fur tile other three curves. 

The 8 ib. 111. nlid S 1). 111. weather 1iitip~ of June 8 S ~ O W  
tlint 110 deciiletl pre3sure changes were titking place along 
. .- .. .......... - __ ........ ._ .. - ... 
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the central path of the eclipse. From a study of the 
plotted pressures for the individual stations it appears 
that during the three hours preceeding the errlipse in 
general there was n slight decrease in pressure. Ncnr the 
central line of the eclipse there wats x slight i11creilse in 
pressure 10 or 15 minutes llefore h t  ronturt, a slight. 
decrease from first contact until 35 minutes hefore masi- 
niuni obscuration, n ~liore rapid decrease, 1 : d q  a!mi t 20 
minutes, to n mnsimani depression of 0.00s iiicli, which 
was maintained from 15 niiiiutes hefore until 25 niiiiutos 
after masimuni obscuratio~i, and ~ v m  fvllo\wd 1 1 ~  :L 

conditions, wliich in several localities approached thunder- 
storm condit.ions. 
'1 rerortiiiig mercurin.1 hnronieter of t,he siphon type t i t  

Wiisiiiiigton, I). C!., having on its record sheet a tinie scale 
of liliout 0.22 indl per hour iind a pressure scale of 0.20 
invh of nierwry per i i d i  of snace, gave no indications of 
er:lipsc ~)ress:irt! c-linages. H'owever, t.he niasini.iim ob- 
s;clirntic)Ii WLS only 74 per cent, and occurred ahont one 
liour and 10 minutes bcfore sunset. 

W~i~ls.---In Tdde 5 are given tlie sta.tions at  which data 
of tlirect.ion (aziiiiuthj aiid velocity of tlie wind are avail- 

.... 

FIG. 3.--Ztmospheric piessiiie dapwtures horn iibrm.il diie t.o thr s o h  c.i'lii~ar of Junr S. 191s. Curvr M--Urrn~ of alepirtures nt 3 is t~t ions .  Ciirvr C-?.hn of depnrliires at i 
ststionsinor nearpith oItotilitv. Curve N--?I-?.m o l  drpwturrs st 1% st.irions norih ol  p:it.li o l  t.otality. 1'11ne S-bfcnn of drpnrliires 3t 19 stations soiitli of path oi totdity. 
B--.\pprosimdte time of b+:intiing of cciipse. k:--.'ippru.xiin.btc tiniu or ending or eciipw. 

'gradual increase in pressure. Sni1t.h of the path of 
totality the curve ~ 1 1 s  of nmch the same charactm, escept 
that the first increase in pressure occurred jmt  after, 
instead of just before, first cnnt.atct., and tlie niasiiiiuni 
depression u-as only 0.006 inch. North of the path of 
totality the first increase in pressure occurred at  about t!ie 
time of first contact,, the ni:isinluni depression was oiily 
0.004 inch, and was not niaintniiied aft.er tot&?. 

The c u p e  of mean dep:wti:ret; for all the stntions re- 
seinhles that obtnined by Fergusson at  Wns!iingtoii, &., 
on May 28, 1000 (6), escept that his iiiasiniuni depression 
wm only 0.004 inch and occurred Mxeei i  25 and 40 
minutes after totality. In the curves for t,he different 
groups of stations tliere is evidence of n ring of high pres- 
sure about the eclipse area; but the oiily indication of in- 
creased pressure near the center of the eclipse, which Clay- 
ton (8) has point.cd out we should expect, is a decitlerl 
flattening of the curre a t  ahont t,he t h e  of 1iinsimuI1i 
obscuration. Indeed, while iiidiviclud statioiis SliOiT in- 
crensed pressure at, almit this time, tbe oiily group of st,:i- 
tioiis based upon any logical station classificiit.ion, showing 
such a rise, IS u, group of s is  stations on t.he s0ut.h side 
of the path of totalitag having a iiiasiiiiuni ol~sciiraiicin of 
froni 94 to 97 per cent. The nicaii eclipse clepnrtmes for 
t.liis group are shown in the iilst coluriin of 'I'uldc 4. 

Probably most of the differences 'between eclipse dc- 
artures at individual stations aiid the mean departures 

for a group of stations are due to unstable atmospheric 

j 
i 

I 

ahle. together with t,he approsinint,e local st.nndn.rd time 
of ocmrreiice of the eclipse nt each. 
TABLE 5.-Slalwiw at which ichd clala roere obtained during the eclipse. 

Stntiou. 

SC31tlP. Wwh ........................................... 
Port land. Oree.. ........................................ 
T'nratel!o. Idolin ......................................... 
\\'irinc.niiicra. Nrv..  .................................... 
Ciiv~-eiiov. Wyo.. ....................................... 
1 wirer. i'uln. ........................................... 
hrtdrnn. 1'1 311 ........................................... 
El i'nm. Try ............................................ 
1 incnln. Xdir ........................................... 
ilrcxr!. Ni+r.. .......................................... 
Tn] u h .  K:iiis.. ......................................... 
\\v?liit:i. li;in=. ......................................... 
Ynrt Smith. Xvk. .  ...................................... 
I ittln Itot.!:. .irk ............................... : ........ 
<Jkk81:fb!Il:l. cI:<lS. ....................................... 
SI. ' 91;i:. ?.Ill. .......................................... 
Kv:m vilir, I:1d ......................................... 

. . . . . . . . .  - ............ 

Time of- 

Desion- ! Middle 
inqol I of 

eciipse. eclipse. 
-- 

- 
Ending 

or 
zlipse. 

. . . . . . . . . .  ._ .. - 
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The velocity of the shadow increased fmm about 56 
kilometers per minute at \Seattle to 110 kilometers per 
minute a t  the Mississippi Rivcr. 

The wind velocit,ies were ohtainecl from the records of 
anemographs and are for the fire-minute eriod ending 
mit4h t,lie time under which they are enterel. The direc- 
t,ions or nzimu t.hs from which t,he Will41 blew are expressed 
in degrees, hegiilning wit,li South (0') and reading clock- 
wise through West (go'!, North (180°), and Enst (270') 
to s011t.11. 

The Clayton niet.hoi1 of analysis hns been followed, nnd 
this, with the results ohtainecl, is shown by Table 6 and 
figures 4, 5. 6, a.nd 7. 

To aroid as far 8s possible errors clue to accidentnl 
onriat,iotis of the wind, the mean nf fire separat.e settings 
of t,he nephoscope, a t  regular in t,ervals of about ten sec- 
onds, was recortlocl ns the t,rue azimuth nt, t.lie tjnie 111 
ohseiwhon .. The ol:sel.t.ntions? mntle erery ten 111111~ tes, 
were smoot,hecl prap1iic:illy as shown in figwe 4; nest,, the 
probable normal diurnal oscillations of bo t.h velqcity and 
tlirect.ion were clet,erniinecl as far tis ,ossilile from t;he 

the day of the eclipse. 
records obtnined on severnl dnys precec 'I iiig aiicl followiiig 

TABLE B.-Whds drtrhg ecl.ipse, at Pot-atello, I i h o .  

I hzi- veloc- '. 1 muth. 1 ity. 

- i ljlls 
1:m 333 i 5.4 
!:45 3-39 4.0 
2:On S 9  2.6 

2: 12 ................ 
2:17 334 I l.R 
222 ................ 
2:3? 

332 ................ 
% I  

2.5" ................ 1 E 1 3.0 

3:07 25 i 3.0 
3:12 .... .io'l.. .. .i: 
3:17 

2:07 4I  i l.s 

3:n2 ................ 

........ 
3. fi 

....... 
43.45 ........ ......... 
5:OO , l5 1 5.4 , 

....... 

I 
Smnnthed i Uniform 

mean. 1 change. 

.4zt- I Veloc- 
muth. I ity. 

42 ~ 3.0 
4ti ' 3.4 

I7 ! 3.4 
47 ! 3.1 

i(i , 
41 
31 I 
21 ' 

17 
19 ' 

24 

23 

21 ; 

19 I 
23 j 
2.5 I 
22 i 

16 
15 ! 

3.4 
3.3 
3.2 
3. 1 
3.1 
3.2 
3. ? 
3.3 
3.5 

' 3.9 
4. ? 
4.3 
4.4 
4.4 
4.4 
4. fi 
5. n 
5.3 
5.4 ' _- I I I - 

- 
hzi- 
UUtll. - 

34 I 
347 

352 
353 
353 
354 
355 
3 X  
357 
327 
0 
0 
1 
2 
4 
5 
6 
7 s 
9 
10 
11 
12 
1" 
13 
14 
16 
13 
20 
23 
26 

3x1 

nil8 
2.5 
2. I 
2.9 
3.0 

3.1 
3. 1 
3.2 
3.3 
3.4 
3. I 
3.5 
3. A 
3.7 
3.7 
3. s 
3. s 
3.9 
3.9 
4.0 
4.1 
?. 3 
4.3  
4.4 
4.4 
4.5 
4. 5 
4.6 
1.7 
4.8 
5. 1 
5.1 

r -  

3. (J 

. . . . .  

hob- 1 
i!fpn I Eclipse wiud. 
hange. I 
._ - I _- 
r c h -  ! hri- 
ity. .; mutli. - 
3.1 I ........ 
3.3 i 315 

3.s , 119 
3.9 I 121 
3.Y i 122 
3.9 : I'L2 
3.9 ; 125 
3.9 : 129 
3.9 ! 142 
3.9 I 14Y 
3.9 1 149 
3.9 1 M  
3.9 j 140 
3.9 , 131 
3.9 , 107 
3.9 I 5s 
3.9 I 79 
3.9 ! Ih 
3.9 i 3 
3.9 j 47 
3.8 24 

3.6 ........ 
3.4 ....... 
3.s I 9 

- 

il4W- 
ity. 

nip 
....... 

0.7 
0.8 
1. u 
1.7 
1.9 
3.0 
2.2 
2.4 
2.6 
2. R 
3.0 
2. s 
2. R 
2.3 
1. 8 
1.2 
1.1 
0.9 
0.9 
1.0 
1.0 
0.9 
0. s 
0. !3 
0.7 
0. 7 
0. 15 
0. 7 !. 2 ....... ....... 

To obtain the erlipse wintl, it w a s  assiinied, ns in tlie 
instance of tho pressure and tenipernture, that n11y 
departure of the ohsemecl wiarl from the iitir~nnl\voiild 
probably be clue to tho eclipse: ~ n ~ l  in the absence of a 
satisfactory normnl, thnt the departure frmi a straight 
line connecting the dirertions a t  the 1)epiiiniiig an11 
encling of the eclipse were due to the eclipse. In H f w -  
instances, for comparison, the eclipse winds were olitnir?etl 
from both normal and straight-line c.hu!ige, hut  m i  

important differences were foiiii(l. 
Referring to Tal)le 6, which sho~vs in dctnil talle ol)srr- 

rations at! Pocntello. the actual obwmiitioiis tippenr in 
the second and third colunins, smoo tbcd valuer in the 
nest two; the sisth and seventh coluiiiiis ccilitnin the 
values of a11 assumed uniform change during the time 
occupied by the eclipse, and the eighth column the 

normal or probable mean change. The lnst two columns 
contain the resultant ecli se winds. In order to secure 
greater smoothness am Q detail, the smoothed values 
and normals were read at five-niinute intervals. The 

iml)ortance of freqiient readings will be realized m-hen 
the high ve1ocit.y of the slintlow--3S0 to 600 kilomet.ers 
in five minut,es-ia tnlien int.0 account. 

111 fisure 4, curves showing art,ual ohsei-vations, 
smoothed values, uniformly int.erpolatei1 change, and 

0 

I 

I I 

',% 

Fro. S.--Mcthd of obtaining result.mt or eclipse wlnds. 

norninl change are intiicn tell; respectively, by the 
nlm11,ers 1. 3 3. 911~1 4. 

The values of tlin eclipse wind were ol->tsinecl by means 
of the special plot,ting dorice shown in figure 5. which 
hac1 been used by Mr. Fergiisson in reducing observa- 
tions of ballom-sondes in 1906, and which, because of its 
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obvious usefulness in . other studies, appears w0rt.h 
describing in detail. To ail ordinary drawing hoard or 
table is secured a paper protractor or arc of large radius 

rcferably at least 25 cm.) graduat.ed t.0 whole degrees. fp, the center of this arc (A) is pivoted an a.mi U?) upon 
which is ruled a scale, whose zero is t,he asis of the arm. 
Azimuths are iiidicat,ed by t,he point of intersect.ion of 
the edge of the arm wit.h the arc, and velocities by t,lie 
scale 011 the arm. For example, a t  Pocatello a t  3:17 
p. m., t,lie smoot,hecl aziniiith and -relocit>y of t,he wind 
(1s' and 3.1 m/s respecti-rely) are indicated by t,he dotted 
line 9 and sni,zll circle. C! The iiorninl or assumed mi- 
muth mid velocity (6" aiid 3.9 ni/s respect,ively) are indi- 

directions of the winds at  regilar in teFds  of time after 
t.ot.dity is due to the inc.reasing -relocity of the shadow 
towards sunset,, and should not be understood to mean 
fewer obserrat,ions in the rear of t.he shadow. 

The result,s of the analpis described, as indicated by 
figures 6 and 7, are as follows: 

1. The influence of the eclipse upon t.he natural wind 
was noticeable at pract.ically all st.at,ions, and in figure 6 
is inrlica.t.ec1 by the tendency of t.hc n.mows represcnting 
azimut.lis t.o incliiie toward the shadow. This effect is 
ciiiit,c dist.inc.t a t  Portland, El Paso, and other stations. 

The resultmit. or eclipse winds plot.ted in fi ure 7, 
i1dicat.e the sa.me effect. more conspicuously but, a H though 

FmG.-Diiwtiou of the wiud during the eclipse of Juun S. 191s. 

cated by the dotted line and circle A-B. Conipletiiig 
the parallelogram of forces! A-D indicst.es the result.ant 
or eclipse wind. In practice, it is only iicccsuary to 
mark the p0int.s (represented by circles) B and P, 
employing a roUino paraUe1 rulcr P (upon which t+~ is 
ruled a velocity-scae) to measure b0t.h rcsult.an t azimut,li 
and velocity A-D in one operat,ion. With the rather 
wide velocity scale of 30 mm. for each meter per. second 
adopted for this work, readings were made direct bo 
tenths of a meter per-second. The errors of plott,iii , 

In figures 6 and 7, respectively, are shown the smoothed 
observations at 10-minut.e intends,  and the resultmalit 
eclipse winds a t  5-minute intervals, plotted with refer- 
ence to the position of the shadow. The increasing 
width of the spaces between the arrows representing 

etc., except, erliaps, in a few instances of very smal  9 
changes, rare ? y esceedcd one or two degrees. 

successive obseirations at  the same st,ation are fairly 
consistent,, there are important differences between 
stat,ioiis near toget.her, such as Lincoln aiid Drael ,  that 
c.nn not be attributed to a different effect of the ecli xe. 

blow t.oward the shadow, the observations do iiot indi- 
cate a definite circulat,ion about t,he area of miiiiniuin 
temperat,iire. 

Considerat,ion of aIl the kiiowi circumstmces of the 
eclipse in connection wit.11 the met.eorologicn1 results 
indicat.es that very probably t.lie discorclmices referred 
to, as well as the absence of a circiilation of the winds, 
may be due, partly a t  least, t.0 the following modifying 
influences: 

(1) As shown in table 5, at 8 of the 14 stations the 
maximum obscuration did not occur until nearly 5:30 
p. m., and the eclipse ended about an hour later. Also, 

3. Other t.han the general t.endencp of t.he winc I t.0 
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the velocity of the shadow so near sunset was twice as 
great as i t  was on the Pacific coast about 3 p. ni., the 
shadow was smaller, and the durat,ion of tot.ality short,cr; 
consequently, the maximum depression of tempcratiire 
due to the eclipse, following some minutes after t.otdit,y, 
occurred at. a h i e  when tlie sun’s energy was coni- 
pnratitely feeble and tho effect upon the atmosphere 
small. 

(2) The meteorological conditions on tlie afternoon 
of June S were generally unfavorable. The accompany- 
ing synoptic chart of the distribution of pressure and 
temperature a t  7 a. m. on June 8 (Chart S), in& 
cates the condition known as n “flat?’ map, i. e., one in 
which there are small cont,rast,s of pressure or ,t.enipera- 

of these records with reference to t,opography and other 
local conditions is in progress, and if the results justify 
it will be niacle thc subject of another paper. 

The vclocity of the eclipse wind, due to the compara- 
tively sinall tenipernture gradient caused by the shadow, 
can never be large, and in the present instance esceeded 
2 meters per second at  but three stations near the path 
of tot.nlit,y. It iiit~y be so modified by local surround- 

or so iiiaskcil by local condit.ions, or both, t,hat it 
can not be cletcctrxl a t  one st,at,ion. although conspicions at 
another not far R-A-~E~.  Consecpent.ly, it  is not, to  be 
esprcted that all the more interesbing or important 
phenomena will be rccorcled during nll e( lipses. This is 
illust,rated by the fact that the circulation of the winds 

ture and light and variable winds. Such a cniiditioii is 
very favorable for the dcvclopment of local storms 
(which actually occurred over a large part of the territory 
crossed by the shadow a t  the time thc cclipse n-as in 
pronress) and for a grcatcr arid more irregular tnriahility 
of Eotli dircctioii and velocity of tlic wind tlion usurll. 
This mas particularly truc of the records at, Dcn~cr, 
Cheyenne, and Little Kock, where shou c:rs occmwd 
during the passage of tlie shndow, and tdic nrinlrility 
of the wind was so unusual that the records could not 
be used. 

(3) Influence of topography, etc., upon the directifin 
and velocity of the wind recorded at  some st a t‘ 1011s. 
The stations most favorably situated as regards the tiinc 
of the eclipse, unfortunately, \\-ere near high mount i~iiis 
and in all probability tho records at  a few sttitions wcro 
affected more or less by local surroundings. A study 

found during the eclipses of 1900 and 1901 was not 
observed during the eclipses of 1005 nnd 191s. 

In ordcr that. the utiiiost niay be obbainecl from future 
st,uclies of the met,corology of s o h  eclipses. all stations 
oE obscrvat.ion shoulcl be vrtrcfully sclected by the au- 
t.hority in chargc of t,he work, and quipped with adu- 
quut,c sclf-rccorcling ap$arat.us. The use of special 
lmograplis nnd anrii1ographs in the present investiga- 
tion ivould 11,zvc. s a n d  at. h i s t  two-thirds of the time of 
the olwrvers and one-half tlic time found iierressnry in 
analyzing t,hc observations. 

C70ti.d duicc.-(To be discussed in a liiter REVIEW.) 

Clouds prevenkl the appearance of slidow-bands at 
iintipally at coop- 

SIIADO\V-BAWD OBSERVATIOKS;S. 

m a y  places, but at a few points, 
erativo stations of the Weather 5.i ureau, data were 
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Inclrs. 

....... 
10 

obtained in accordance with instructions sent out from 
the central ofice. These dat,a have been suniniarized 
in Table 7, from which it appears that encrdly the bands 

same generrtl clirect.ion as did the area of totality. There 
were esceptions t'o this rule, however, 8.5, for esnmple, at 
Springfield, Idaho, where thc! dircrtion of the bands before: 
totality (azimuth, 315°)12 urns nearly plrtdlfl t.o the path of 
totality and to  tlle direction of niot,ion of the bands; also 
after totality, with the direction of the bands nearly at 
right angks to the path of totality, their direction of 
motion \vas also nearly a t  right angles to t$is path. The 

lay across the pa,th of t,ot.nlity, an % ndcanced in the 

Inchis. .............. .............. .............. 
13 

....... .............. 

FIO. 8 . 4 k e t c h  of shadow bands observed at  Grace Power Plnnt. Idaho, on June I ,  
1918, ci. 1. YcFarhd, obser\ex. Eclipseapprwhiig totality. 

sis different obsorvcrs a t  Goldendale, Wash., wcre in close 
ngreenient as to both the direction of the bands and their 
direction of motion. 

An explanation of the lack of apcwnent in the direction 
of the bands may be found in the fuct thait accordin to 
several ohservm the bands \vert? not, straight, %ut. 
crescent-shapcd, as shown in i i p re  8. 

Tho estimates of velocity appcar to he of little value 
esccpt that they indicate a niovement comparable t.0 
that of tho wind at n considerable altitudc. 

There is also great dis mity in the estimates of the 
width and separation of tfie bands. The niost coiiimon 
estimate was from 2 to  4 inches wide, and from 3 to 1 
inches apart. 

....... 

: 

0. *s:? 
O . b 2  

2.5 
9. 5 
0.5 
3-4 

2-4 

2 -1  

....... 

10 
4 

G-8 
C S  
1 

0.75 

1 

1-1.7 .............. 

1' Azlmuths are expressed the same 8s for wind directions. See p. 12. 
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2 3  
2 3  
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; 3  3 

2.5 
4 

3-4 
5 

54- 
2-1 

6 
.............. 
............... .............. 

38 
36 

3 3  

24 
24-36 

4-6 

............... 

............... 

7 7  
2 4  

I 10 
4 4  

2 4  
2 3  

1 

............... 

.............. 
4 8  

1 1.7 

TABLE 7 . 4 M o w - b a n d  observations, solar eclipse, June 8, 1918. 

3 

I 
Azi- Veloc- 

2 3  
2 2  

5-6 

I 
i 

Goldendale.. .......... .(b) ! 
(?&.and Nrs.Grahsrn)fal ! 

Goldentlalr ............. (b! I 
( I )r. Iirashenr. ) 

i Gol~lrndalr.. ............... 
(Dr. Bwascp.) 

Goltlcnrlnlc ............. (hl I 
( Ur. Plarkctt). ..... ..fa) 

Goldendale.. .......... .( b) 
(Dr. Yoring) .......... (a! . 

Goldcnrlsle .( b) 
fDr.Fath) (8) 

cXcnwoo3. ............ .( 11) 
Laorel.. ................ (b) I 

WASHINGTON. 

............ i ............ 

OREGON. 

Hoo:l Rlrer.. ......... . (b)  
Hool River Valley ..... (1)) i 

Do .................. a )  ~ 

Uniou. .............. - - . I  Irj i 
Do ................. ( 0 )  . 

Resrrroir No. 3.... ..... (.b) : 
Do ................ .(a) 

IUIAO. 

Placervi!le.. ........... .(L) 
Atlnnta.. ............. .O) I 

(Roise King minc). ... (ai 
Atlanta.. ............. .( 11) 

Do ................. (3) 
Pioncervil!c.. .......... (bl  

Do ................. la) 
Garden \'alley .......... (b)  

Do ................. (31 
Do.. ............... (h) 

Crysiol Rock ........... fh) 
1.m ............... -..fa) 

Abcrdrcn.. ........... .( IJ) 
Do ................. fa) 

Springfield.. ........... I b) 
lh ................. ( 8 )  

Cirare.. ............... .fb) 
Do ................. (a) 

(Prle rrerk.) 

WYOMING. 

Ccntrnnial ............ .(h) 
Eden. ................ .(bj 

Krds.. ................. (a) i 
14l.r. .................. f b) 

Do ................. fa1 
Tampa ................. (h. 

Do ................. (ai 
Grand Lake ............ (h) 

Do ................. (ai 
Corona 1.. .(SI) 

COLORADO. 

............. ! 
Coldwater ............ .Jh) I I 

KANSA8. 

Do ................. (a)  
Pnnta Fe ............... (a) 
Tritmne. .............. -( b) no. ................ (a) I 

I 
i OKLAHOMA. 

....... 

....... 
5.5. I 135 I 10 

145 ....... 
39 I 131 3-4 ........ I ....... 

........ ....... 
3 

I 
45 j 145 j 1 
4.5 I 45 :I10 

70 i 110 ....... 

I 
34 ! 1'2s I ....... 
15 1 3 

10-15 ....... 
................ 

.% ' 3% 4 15 

45 
A5 I 365 ' /""'% 

....... 

45 j ........ ....... 

90 15Q 37 
3151 bl ....... 

1 :  i 

....... 

....... 

McAlester .............. 
Do ................. . ....... 

I __ 

ngart. 
I 

Direo 
tlon o 
Wind. 

wnw. 
w. 
..,.., 

...... 

...... ...... ...... ...... ...... ...... 
S\Q . 
UW. 

...... 
nw. 

nw. 
nw. 
ne. 

11w. 

ne. 

x. 
ne. 
se. 
se. 

nw. 
nw. 

._..-. 
SW. 
SW. 

SW. 

W. 
w. 
5 w. 
SW. 
SW. 

1. 
S. 

n. 

nw. 
W. 

540 
n. 
W. 
n. ....... 
se. 

nw. 
...... 

...... ...... 
sw. 
se. 
nw. 

...... ...... 

- 
Direc- 
t1on of 
clouds. 

-_ 

W. 
W. ........ 
........ 
........ ........ ........ ........ ........ ........ 
\T . 
nw. 

se. 

nw. 

W. 
\V . 
nw. 
W. 
W. 

sw. 
s I .  
sw. 
S R .  
sw. 
sw. 
SIP. 
W 
w. 
nw. 

W. 
W. 
11 w. 
nw. 
nw. 
nw. 

nw. 
nw. 

n. . 
se. 

nw. 
SW. 
sw. ....... ........ 
W. 
W. 
sw. 

........ ........ ........ 
W. 
W. 

nw. 
nw 

1 Eclipse station department of terrestrial magnetism, Cariiegie Inst i tut ionol~~-~sI i -  

XorE.-lh) signifips lueforo totality: (3: nfter totnlilg. 

ington. Data f u r h i e d  by the director, I1r. 1,. A. Cauer. 

Desrii ition of dadow ban.c7s.-The following nre ex- 
trncted / roni the reports of the different observers: 

Gold nclrrie. ll?mh.-~Ir. Graham: ( 'ontinunu8 bands follo~in,n each 

llr. Bra~hmr: Bands plainly wen and mere brightest on the pre- 

Dr. Swasey: Most plainly visible about R half minute before 

Dr. Plaskett,: Shadow banda more prominent after than before 

oflier clnselv: dintinct before totality. faint after totality. 

ceding sicle.18 

totality came and xbnut 10 serollds atlter totaiity pa~3wd.l~ 

k~tality.1~ 

13 E~trnrted from Publ id ions  of the Astronomical Society of the PariEc, August, 
1913.30: 23S-2.39. 
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Dr. Reynold Youn : Shadow bands near beginning of totality 
viaible 15 to 80 seconA before to 2 or 3 seconds after. Bands dark, 
with no color. The crest seemed broken more than could be accounted 
for by irrecularities in  white cloths spread on the ground. Bands 
seemed about 1 inch wide when first viaible and fairly faint. As they 
grew plainer they seemed under 2 inches. Bands not so plainly 
observed after tntality waa passed.‘* 

Dr. E. A. Fath: Shadow bands appeared at least one-half minute 
before totality and continued to totality; then again immediately after 
close of totality and continued a t  least one-half minute. Bands were 
approsimately parallel and consis?ed of alternate bands of licht and 
shade. They were not sharply defined and appeared a variable.width 
EO far as shadow part nas concirned. Bands seen nearest beginning 
and endin” of totditv were best defined.*3 

G I ~ w o o d  lVash.-hlm. Mary hlcc ‘umber: The bands were just broken. 
wavenng irre-gular lines. black-like shadows. with white spaces be- 
tween. They were fainter before totality than afterward. At xhout 
the centFr of the lines there seemed to be a distinct white space or line 
about 2 inches wide. This waa seen after totality. Before totality the 
lines were more blurred and were indistinct. like black shadows with 
light spaces between. These spaces were irregular like a dark line. 
but much narrower. 

Hood River. Oreg.-(Mim) Pauline Geball. - The bands seemed to be 
curved. not straight. and resembled the shadow of smoke, or hot air 
waves. Bands were continuous. 

Union. Ore:.-W. B. Davis: Lines well defined and perfert hefore 
totality; broken up  after tpfality. Their appearance 011 the cloth ma- 
suseestive of heat waves nsing over a stove. 

>ionwii l le .  Idaho .4 .  31. Clarke: The bands seemed to flicker 
like heat rising from the ground. 

Garden VaZZei/, Idaho.-P. V. Smith: The liands were merely dark 
waves. 

J. W. Kimball: The hands were wavy and rlecidrdly crescrnt shaped. 
concave toward the east. 

Grace. I d n h o . 4 .  I. Jlc!khnd: The bands were not distinct enourh 
to photo,g-aph with on ordinary camera. They were about 1 inch wide. 
about 4 to 6 inches apart and w r y  wavy and Aomenhat disronnected. 
They d id  not move in  a direction at ridit angles to their asc”s. They 
were rather indistinct both before and after the eclipse although some- 
what plainer after. Thie may be due to the fact. thjt the pupil of t h ~  
eye hac! opened snmewhst during the eclipse and for that. reamn hanrls 
were more easily seen. They apprared to the observer like heat \vaveR 
If you ever sat i n  a room in winter time with B stove so sitiixted that 
the sun shone acrosa it and cast a shadow on the wall you have noticed 
the skqdow of the heat waves priiier-ted. These waves arc. wiiikly and 
&em to flutter as they move. This is the way thew hands appeared to 
us. 

C‘enlmninl. Tli/o.-T.ouis A. Erepry :  Wwes of a zigzag nature which 
resemble very milch the heat waves that can be sern risinc Croni the 
ground on almost any warm clay. Thew waves lasted a Iritle more than 
a half minute. They seemed a contiiiual stream during the time they 
a p  eared with no spaces between them. 

&a&. Co*olo.--John P. Senborn: To me the hands seemed to be s1i:htly 
curved. With the east end traveling faster than the west end, gimiig a 
spiral effect. 

Yampa. C0!0.-&3. hfnttie C. Willisms: Eands very indistinct before 
totality. but plainly visible after totality. The first hands were made 
up of dark patches and flickered; the last ones were very straight aiicl 
wavy. 

Coldivater, h*ans.-Lawton Stanley: The bands were wavy. mor0 or 
less broken. and the width and distance apart seemed to vary. The 
bands had much the appeursnce of heat wave8 in  the air on a hot 
summer day. They were n-aiy irregular bands of g n y  light and dark. 
almost black. shadows. The prewnce of these bands was noticed hut 
D few seconds before and a few seconds after totality. probaldy not to 
exceed 10 seconds. 

fiibune. Kon$.-M. W. Kirkpatrick: The hmds flashed arrom the 
sheet in much the same manner as the lizht flsPhes on a movie scrc~ii 
before pictures are shown. They flickered were deridedl w ~ v y  i n  
appearance. and at times s e e m d  to bepin and end on the sxeet. 

From the above descriptions, it appears that thc bands 
were most plainly seen imniecliatdy before tho ?wginning 
or just after the ending of totality. Et-cn such skillccl 

The bands were not strai-lit. but curved. (See fig. S.) 

I* Extracted from Publications of the Astronomical Society or the Pacific. August, 
191s,30: 238-239. 

observers as Dr. Plaskett and Dr. Young, observing at 
the same place, do not agree as to whether the bands were 
t,lie more dist.inct just before or just after totality. The 
reason for this may have been the condition of tho eyes 
of the observers, as suggested by Mr. McFarland, Grace, 
Idaho. 

It is significant that so many observers call attention 
t,o the resemblance of the shadow bands to hands formed 
bv coavect.ion in the at,mosphere over a heated surface. 
This tciids to confirni the assurnlhon that t.he bands are 
mi at,mospht.ric phenomenon, perhaps procluced by rip- 
ples set up in the narrow aiiiiular space about the area of 
t,otnlitv, where the cliange from partial sunshine to com- 
plct,e shadow is t-ery rapid. 

The above data rt4atit.e t.0 shadow bands do not differ 
mat,eiklly from that obt,ained during other solar eclipses 
(4) (12) (161. 
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